I. Introduction
===============

In civilian medical institutions, medical systems are rapidly developed in response to dynamic social needs and seek to reduce gaps, and armed forces hospitals have been accelerating the development of efficient information and communication technology management. One aspect of this effort is the Defense Medical Information System (DEMIS), which has been used by armed forces hospitals since its introduction in 2000. In 2012, the original DEMIS was modified to produce a next-generation, web-based integrated medical information system to enable standardized work across all armed forces. The new system called the New Defense Medical Information System (N-DEMIS) is currently in operation \[[@B1]\]. DEMIS is a hospital information system (HIS) used by the South Korea military, and N-DEMIS is the name of the new version of this program. N-DEMIS is a closed system that does not interoperate with other hospital systems in Korea with mandatory military service. It is independently operated and limits the application of existing Electronic Medical Record (EMR) and HIS results. Therefore, research on N-DEMIS is needed.

User experience (UX) encompasses all direct and indirect experiences of the user while interacting with a product or service \[[@B2][@B3]\]. Although there are still conflicting opinions about specific elements that comprise UX, most researchers agree that it is an overarching concept that includes usability and affect \[[@B3][@B4]\]. Previously, in the field of human-computer interaction (HCI), the methodology to assess products and services involved the quantitative investigation of problem areas through usability testing, which focuses on issues such as physical comfort or ease of operation. However, usability only considers the point of contact between human and system, such as whether a task is completed and how long it takes. Because understanding user experience requires a comprehensive analysis of the user\'s entire experience while using a system, usability alone will not meet the requirements for assessing current tasks within the future focus of HCI on UX \[[@B4][@B5][@B6]\].

Although there has been much debate regarding the differences between usability and UX, the definitions provided by the International Organization for Standardization (ISO) offer some of the most useful insights. The ISO defines usability as "the effectiveness, efficiency and satisfaction with which specified users achieve specified goals in particular environments", whereas UX is defined as a "person\'s perceptions and responses resulting from the use and/or anticipated use of a product, system, or service". The Nielsen Norman Group, a large UX consulting firm, states that UX "includes all aspects of the end-user\'s interaction with a company, service, or product" \[[@B6][@B7]\].

Although the term UX includes various concepts, it has not been clearly defined. The assimilation of existing UX research has generated a definition based on three elements: usability, affect, and user value \[[@B7][@B8][@B9][@B10]\]. These elements were further divided into seven sub-elements of usability, six subelements of affect, and five sub-elements of user value \[[@B11]\].

The Korean peninsula is technically in a state of truce. All medical personnel of the Republic of Korea are to be dispatched to field hospitals and other medical institutions if a war breaks out. In addition, every male over 18 years of age is obliged to serve in the military for 2 years. Most medical students serve as military officers after acquiring a medical license as a doctor or a specialist \[[@B12]\]. The use of hospital information systems has a great impact on the performance of medical personnel \[[@B13]\]. Therefore, the quality of the information system is crucial \[[@B14][@B15]\]. Well-designed medical information systems would contribute to better patient outcomes, whereas poorly designed systems would have a negative effect \[[@B15][@B16][@B17][@B18]\], burdening medical staff with unnecessary extra stress \[[@B19]\]. In this particular situation in Korea, it is very important to evaluate the N-DEMIS that will be used by many Korean medical personnel in emergencies such as war. To date, related studies have evaluated only usability, whereas this study measured user experience \[[@B20][@B21]\].

To provide basic data for effective use of N-DEMIS in the future, this study analyzed and evaluated the UX of the current N-DEMIS through comparison of components of UX, comparison of UX by subject characteristics, and analyzed the variables that affect UX.

II. Methods
===========

1. User Experience and Its Elements
-----------------------------------

In this study, the dependent variable was the UX of N-DEMIS and was composed of usability, affect, and user value. The independent variables were the subject characteristics of age, highest educational attainment, title, rank, length of career, length of clinical experience, length of time using N-DEMIS, length of time using systems other than N-DEMIS, and employment type.

In a previous study, usability was defined in terms of seven sub-elements, namely, simplicity, directness, efficiency, informativeness, flexibility, learnability, and user support. These sub-elements are related to the basic usability of the program and have been specified in previous studies \[[@B12]\]. A previous study on affect suggested dividing affect simply into two dimensions and described affective quality not as quality perceived by a person, but rather as quality inherent in an object \[[@B22]\]. In the present study, we applied concepts adapted from a previous study \[[@B10]\]. Of the six sub-elements suggested in the previous study, we excluded delicacy and texture because these were considered unsuitable for our aim of assessing a medical information system and measured only the four remaining sub-elements of simplicity, luxuriousness, color, and attractiveness. Using only the conventional elements of usability and affect, it is difficult to accurately measure the personal and subjective features of UX. As a result, user value has begun to emerge as another element of UX \[[@B23]\]. User value can be defined as the subjective value granted to a product by the user. This concept is also related to how significant or important the user perceives the product to be in his or her life. Adapted from the sub-elements of a previous research, the user value in our study was composed of the four sub-elements of self-satisfaction, pleasure, sociability, and customer need \[[@B10]\].

2. Data Collection
------------------

The subjects were individuals working at an armed forces hospital and using N-DEMIS. They read an online description of the study and consented to participate in the study via an online form. Subjects should have been using the system for at least 6 months at the time of questionnaire completion.

The survey was advertised at all 13 military hospitals of South Korea. In the advertisement, it was explained that the subjects\' anonymity would be guaranteed and that they could withdraw from the study at any time they wished. All subjects gave their consent voluntarily before completing the online questionnaire. Data collection was carried out from April 15 to April 30, 2018. Overall, 85 responses were received, and of these, three inadequate responses were excluded. The responses of the remaining 82 subjects were used in the analysis.

3. Study Questionnaire for User Experience Measurement
------------------------------------------------------

The questionnaire comprised 41 questions: nine on subject characteristics, 20 on usability, four on affect, and eight on user value. For subject characteristics, we measured the nine variables of age, highest educational attainment, title, rank, length of time working at an armed forces hospital, length of clinical experience, length of time using N-DEMIS, length of time using similar systems other than N-DEMIS, and employment type (e.g., compulsory military service). Except subject characteristics, all other questions were scored on a 5-point scale. UX as the dependent variable was the sum of the three components of usability, affect, and user value; therefore, it could have a maximum score of 15 points for each subject, and each of the three components was assessed as the mean of response values from the questions.

The questionnaire was constructed based on a usability study on DEMIS, but it was developed further to reflect the three UX elements and their sub-elements. The questionnaire was constructed by matching the definitions of the three UX components and their sub-elements against content from the instrument used to evaluate the usability of the previous version of the system being studied \[[@B24]\]. The content validity index (CVI) evaluation of the draft questionnaire was carried out by relevant experts. Three nurses and two doctors participated in the evaluation. All of the evaluators had higher qualifications than a master\'s degree in medicine or nursing. They also had experience using N-DEMIS or a number of other hospital information systems for more than 3 years. We ensured that only validated questions (≥0.8) were used in the study.

4. Methods of Analysis
----------------------

For data processing, IBM SPSS Statistics version 25 for Windows (IBM Corp., Armonk, NY, USA) was used for descriptive statistics and hypothesis testing. To evaluate the reliability of the questionnaire, we used Cronbach\'s alpha to analyze the internal consistency of each item in the UX. Descriptive statistics and frequency analysis were used to investigate the distribution of subject characteristics, and *t*-tests were applied to investigate differences between usability, affect, and user value. In addition, to compare UX for the subgroups based on each subject characteristic, we performed *t*-tests, ANOVA, and multiple comparison tests. In the case of continuous variables of subject characteristics, the subjects were divided into subgroups considering the distribution of the variables. UX were tested to compare each subgroup which were divided into 3 based on subject characteristics. The three components were tested by *t*-test and ANOVA.

To test how each user characteristic affects the UX of N-DEMIS, a multiple linear regression analysis was conducted. Dummy variables were used for categorical variables, and all variables of user characteristics were tested as independent variables.

III. Results
============

1. Questionnaire Reliability
----------------------------

The Cronbach\'s alpha values for usability, affect, and user value were 0.887, 0.743, and 0.728, respectively. In this study, all elements showed a Cronbach\'s alpha of 0.7 or higher, and the overall Cronbach\'s alpha was 0.917, indicating an overall high-reliability.

2. Subject Distribution
-----------------------

Among the 82 responding subjects, the majority were nursing officers (76.8%), with the remainder being chief nursing officers (11.0%), medical officers (3.7%), and others (8.5%). Considering rank, first lieutenants, second lieutenants, and captains were 62.2%, 1.2%, and 31.7%, respectively, of the total. The rest of the subjects were civilian personnel (4.9%). The age (mean ± standard deviation) was 27.23 ± 3.77 years, the mean length of time working at an armed forces hospital was 2.87 ± 1.696 years, the mean length of clinical experience was 3.10 ± 1.796 years, the mean length of time using N-DEMIS was 2.80 ± 1.543 years, and the mean length of time using systems other than N-DEMIS was 1.85 ± 1.895 years. Almost of all the subjects had undergraduate degrees as their highest educational attainment (93.9%). Others had 3-year undergraduate program college degrees (2.4%) or graduate or higher degrees (3.7%) for their highest educational attainment. The major employment type was compulsory military service (69.5%), and the rest of the subjects were in extended or long-term service (25.6%) or other types, representing contract employees, such as civilian personnel (4.9%).

3. Differences in Each Component of User Experience
---------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the means and standard deviations for each element of UX. Among the elements of UX, the mean scores for usability and affect were similar, at 3.11 and 3.10, respectively, while the mean score for user value was the lowest, at 3.00. Examination of the standard deviations shows that the distribution of scores across users was relatively even.

We performed a *t*-test to analyze the differences between the elements as seen in [Figure 1](#F1){ref-type="fig"}. The *p*-values for usability-affect, user value-usability, and affect-user value were 0.905, 0.046, and 0.098, respectively, indicating a significant difference between user value and usability, and no significant differences between the other pairs.

4. Analysis of User Experience by Subject Characteristics
---------------------------------------------------------

We also tested for differences in UX depending on the subgroups for each of the measured subject characteristics, and the results are shown in [Table 2](#T2){ref-type="table"}. Continuous variables were divided into subgroups based on distribution, as shown in [Table 2](#T2){ref-type="table"}. We observed significant differences in UX in relation to length of time working in an armed forces hospital (*p* = 0.050) and employment type (*p* = 0.010). Length of time working in an armed forces hospital did not show a significant relationship in the correlation analysis (*p* =0.549), so there was no specific trend, but the UX scores tended to be lower for subjects who had between 2 and 5 years of experience. For employment type, the highest UX scores were shown by the compulsory military service group, while the lowest UX scores were shown by the other group. From the multiple comparison test, the compulsory military service group had a significant difference from the extended or long-term service group (*p* = 0.048); however, there was no significant difference from the other group (*p* = 0.104).

When each component was assessed in relation to subject characteristics, all three components of UX (usability, affect, and user value) differed significantly according to the employment type, and compulsory military service showed the highest scores for all three components, which is aligned with the UX results.

A multiple linear regression analysis with backward elimination was conducted, and the variables used are shown in [Table 3](#T3){ref-type="table"}. The ANOVA for regression showed that the model was significant at the 0.003 probability level, and R^2^ was equal to 0.188. Among the highest educational attainments, only the 3-year undergraduate program college degree showed significance in the regression analysis. In addition to educational attainments, the length of time working in an armed forces hospital and employment types were selected as determinant factors for UX of N-DEMIS.

IV. Discussion
==============

The subjects were individuals working in a hospital-level armed forces medical institution and using N-DEMIS for their work. To analyze UX, we broke it down into the elements of usability, affect, and user value. The results of our survey showed an even distribution of scores across the three elements of UX, showing that no particular aspect of N-DEMIS is superior to the others in terms of user satisfaction. Since there were no major differences between elements, no particular aspect of the N-DEMIS UX can be considered significantly more important than the others. Even though the difference between usability and user value was statistically significant, it was only a small difference considering the standard deviations of measurements.

We analyzed the factors that affect UX or each component of UX; however, there were no differences according to the subject characteristics of age or education or clinical characteristics of clinical experience and experience using EMR. Also, clinical experience or experience using EMR did not show any differences. There have been previous studies in the usability of HIS that found differences in relation to the subjects\' characteristics. However, direct comparisons between the previous studies and this study would be problematic because the measured values are not comparable \[[@B24]\]. It should be noted that the dataset may not have been big enough to show differences in UX in relation to the mentioned factors. Conversely, factors specific to armed forces hospitals, such as length of time working in an armed forces hospital and employment type, were associated with differences in UX. These results are consistent with the results of similar studies \[[@B24][@B25]\]. In particular, employment type was a significant variable for all sub-elements of usability, affect, and user value. These results are consistent with those of similar studies \[[@B26]\], which claimed that the length of time using a system can affect the usability. Although direct comparison should be made with caution, it can be said that better job satisfaction of senior staff generally resulted in better system satisfaction.

Even the multiple regression analysis would partially explain the influencing variables on UX; with relatively low R^2^ value, the results were found to be aligned with the results of each characteristic\'s analysis. Working time in an armed forces hospital and employment type were also analyzed as significant variables as in the comparison analysis mentioned above. Although the highest educational attainment could be identified as a significant variable, only two subjects had 3-year undergraduate program college degrees. The ANOVA result for the influence of the highest educational attainment on UX did not show significance (*p* = 0.646); therefore, education level should not be considered an influencing factor for UX of N-DEMIS.

Due to the nature of armed forces hospitals, patient groups and treatment types are relatively similar \[[@B27]\]. This means that users showed little difference in the usage of the system, which could be a reason for the homogeneity of UX between users \[[@B28]\]. However, the overall UX score of around 60% indicates the need for future improvements.

There are many ways to evaluate UX, but this study was based on only the survey method using a questionnaire. The majority of the subjects were junior nursing officers and did not reflect the variety of actual users who interact with the system \[[@B29]\]. Therefore, it is important to note that the results should not be generalized. In addition, it should be noted that the questionnaire used in the survey had not been used before. Although the reliability and validity of the questionnaire were verified, they had not been tested in other studies, and the construct validity was not verified either. In future research, it is recommended to study the UX of various subjects using a variety of verified tools. Rather than focusing improvements on a specific area, improvements should be spread across usability, affect, and user value.

In this study, we did not analyze specific problems in N-DEMIS or perform a cost-benefit analysis. Since this was a survey study, we were not able to improve the UX of the system; therefore, there should be some consideration for future system improvements. In addition to the existing user base for N-DEMIS, in the event of war or disaster, the system needs to be rapidly learned and adopted by new wartime medical personnel. Therefore, user affinity and UX need to be even higher than they are for systems used in the civilian sector. For these reasons, it is important to continually evaluate UX, analyze factors affecting UX, and prepare measures to improve UX. This will require policies from related institutions to improve the system and provide standardized management of work using the system. In addition, it is important to check whether the service has improved for troops who are the direct and indirect beneficiaries of the system and whether there has been any change in the quality of medical care and nursing.
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###### Questions and results for measurement of user experience and each component
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Values are presented as mean ± standard deviation.

N-DEMIS: New Defense Medical Information System.

###### Differences in user experience according to subject characteristics
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N-DEMIS: New Defense Medical Information System.

###### Results of estimating variables for user experience by multiple linear regression
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